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(54) Title: HETEROAROM ATIC COMPOUNDS HAVING TWO-PHOTON ABSORPTION ACTIVITY 

(57) Abstract: The present invention relates to new heteroaromatic compounds having two-photon absorption activity. According 
^ to the invention, said compounds are suitable for use as optical power limiting agents via two-photon absorption or for use as imaging 
agents with two-photon absorbing activity for application in two-photon laser scanning confocal fluorescence microscopy. Compo- 
sitions including said compounds and intermediates for their preparations are also within the scope of the present invention. 
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"Heteroaromatic compounds having two-photon absorption activity" 

******** 

it is known that molecular systems interact with the electromagnetic 
radiation through parametric or dissipative processes. In parametric 
5 processes, energy and moment undergo exchange among the different 
modes of the field. In dissipative processes, energy absorption and 
emission between the molecules and the field is observed. The two- 
photon absorption is a dissipative process. 

In the presence of an intense light radiation (laser), organic 

10 molecules can show a two-photon absorption. This nonlinear optical 
process can be described as the simultaneous absorption of two 
photons having the same frequency go. As a results, the molecule goes 
from its ground state S 0 to its excited state S 2> via a virtual intermediate 
state /. The system can then decay to its lower energy singlet excited 

15 state S<\ through non-radiative mechanisms. The rate of two-photon 

absorption scales quadratically with the intensity / of the incident laser 
radiation, whereas the single-photon absorption scales linearly. 

Optical power limiting is becoming a field of increasing interest in 
applications such as protection of human eyes and optical sensors 

20 against intense laser radiation exposure. An ideal optical limiter is a 
system which is completely transparent up to a certain threshold of 
intensity level of the incident radiation. As a consequence, the 
transmitted intensity / t is the same as the incident intensity / 0 . In 
contrast, at high intensities the transmitted intensity levels off and 

25 becomes independent on the radiation intensity. Large two-photon 
absorption cross-sections a 2 are required in order to have efficient 
optical limiters working via a two-photon absorption mechanism. 
However, many molecules known so far have weak two-photon 
absorption activity, which limit their applicability in optical limiting 

30 devices. The guidelines followed in the present invention for providing 
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new chromophores with enhanced activity are based on highly 
conjugated and polarizable 71 systems, usually associated with large <?2 
•values. Molecules having large two-photon absorption cross-sections 
are in great demand for a variety of applications, including two-photon 
5 confocal laser scanning fluorescence microscopy (Denk, W.; Strickler, 
J. H.; Webb, W. W. Science, 1990, 248, 73-76), optical limiting (Ehrlich, 
J. E.; Wu, X. L; Lee, l.-Y. S.; Hu, Z.-Y.; Roeckel, H.; Marder, S. R.; 
Perry, J. W. Opt Lett, 1997, 22, 1843-1845), three-dimensional optical 
data storage (Strickler, J. H.; Webb, W. W. Opt Lett 1991, 16, 1780), 

10 three-dimensional imaging of biological systems (Gura, T. Science 

1997, 256, 1988-1990) and organic coatings (Reinhardt, B. A.; Brott, L. 
L; Clarson, S. J.; Dillard, A. G.; Bhatt, J, C; Kannan, R.; Yuan, L X.; 
He, G. S.; Prasad, P. N. Chem. Mat 1998, 10, 1863-1874), and 
photodynamic therapy (Stiel, H.; Teuchner, K.; Paul, A,; Freyer, W.; 

15 Leupold, D. J. Photochem. Photobiol. A: Chem. 1994, 80, 289). 

For optical power limiting applications, nonlinear optical materials 
showing two-photon absorption have the great advantage, with respect 
to other optical limiters, to possess a high transmissivity at low-intensity 
fundamental optical frequencies, which are much smaller than the linear 

20 absorption frequency. 

In accordance with the present invention, new active molecules are 
provided for two-photon absorption materials with excitation by a near- 
infrared laser radiation, that is in a spectral region where most organic 
and, particularly, biological materials show a very high optical 

25 transparency. 

In accordance with the present invention, compounds are provided 
having the following general formula (I) 
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(I) 

wherein Het-1 and Het-3 may be the same or different, and are selected 
among the following heterocyclic groups: 




R 5 ~ R 5 




R 5 

N© 
X 



wherein X may be O, S or Se, and wherein R 5 and R 6 are the same or 
different, and are selected from the group consisting of H, alkyl groups 
having from 1 to 18 carbon atoms, alkoxy, aminoalkyl, alkylhalide, 
hydroxyalkyl, alkoxyalkyl, alkylsulfide, alkylthiol, alkylazide, 
10 alkylcarbbxyclic, alkylsulfonic, alkylisocyanate, alkylisothiocyanate, 
alkylalkene, alkylalkyne, aryl, and which can contain electronpoor 
ethenyiic moieties such as maleimide, capable to react with nucleophilic 
groups such as - SH; 

and Het-2 is selected among the following heterocyclic groups: 

15 

R 7 R 8 / \ 

wherein Y may be O, S, NZ, wherein Z = H, lower alkyl, aryl; and R 7 
and R 8 may be the same or different, and are lower alkyl, lower alkoxy 
or hydroxyalkyl; 

20 wherein n = 1 , 2, and A is selected among the anions alkylsulfonate, 
arylsulfonate, triflate, halide, sulfate, phosphate; 
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and wherein R 1( R 2 , R 3 , R 4 , the same or different, are indipendently 
selected from the group of H, lower alkyl, alkoxyalkyl, aryl, cyano, 
aikoxycarbonyl, -(CRgRio)m-Het, wherein 0<m<10, R 9 and R 10 , the 
same or different, are selected from the group of H, lower alkyl, and Het 
5 may be Het-1 or Het-2 or Het-3. 

The alkyl group substituted with electronpoor ethenylic groups, as 
above defined, is preferably referred to, but not limited to, maleimide. 

For the uses according to the present invention, the above 
compounds can be utilised as such or prepared in suitable 
10 compositions, such as solutions or in the solid state. 

In a further aspect of the present invention, compounds having the 
above general formula (I) are processed into compositions based on 
polymers or silica-based lattices. Therefore in accordance with the 
present invention, compositions are also provided including a 
1 5 compound of said general formula (I) and a polymer material which 
comprises poly(methacrylate), polyimide, polyamic acid, polystyrene, 
polycarbonate, polyurethane or an organically-modified silica (Si0 2 ) 
network; 

chromophore-functionalized polymer materials or organically-modified 
20 silica (Si0 2 ) network, prepared by condensation of a chromophore 
compound of general formula (I) and a polymer material which 
comprises poly(methacrylate), polyimide, polyamic acid, polystyrene, 
polycarbonate, polyurethane or an organically-modified silica (Si0 2 ) 
network. 

25 In another aspect of the present invention, such compositions or 

chromophore functionalized materials can be processed as thin films • 
either by a film casting procedure or by spin-dipping or, alternatively, by 
spin-coating, onto any type of substrate, including silica glass, quartz, 
silicon. 
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Features and advantages of the present invention will become 
readily apparent by reference to the following detailed description, in 
conjunction with the accompanying drawings, in which: 
FIG. 1 shows a typical absorption spectrum of a host-guest film of 
5 compound (3) in an organically-modified silica (Si0 2 ) matrix. 

FIG. 2 and 3 show the transmittance and output intensity, respectively, 
as a function of the input intensity, typically measured for compound (3) 
in DMSO (dimethylsulfoxide) solution. 

A detailed description of the invention is provided, with reference to 
10 certain compounds, which possess a structure corresponding to the 
formulas defined as (3), (5), (9), (11), and (14), and a chromophore- 
functionalized material (16), with examples which are not limiting the 
present invention. 

EXAMPLES 

15 EXAMPLE 1 

Compound (3), endowed with two photon absorption properties, was 

prepared starting from compound (1) (Abbotto, A.; Bradamante, S.; 

Facchefti, A.; Pagani, G.A. J. Org. Chem., 1997, 62, 5755-5765) 

through a Vilsmeier type reaction, followed by coupling with N- 
20 methylpicolinium triflate with catalytic amount of piperidine, according to 

the following scheme: 
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(3) 



1-(N-methylpyrid-4-yl)-2-(N-methyl-5-formylpyrrol-2-yl)ethylene 
triflate (2). Freshly distilled POCI 3 (0.449 g, 2.93 mmol) was added 
dropwise, at 5°C under a nitrogen atmosphere, to anhydrous 
5 dimethylformamide (0.214 g, 2.93 mmol). A solution of 1-(N- 

methylpyrid-4-yl)-2-(N-methylpyrrol-2-yl)ethylene triflate (1) (0.700 g, 
2.01 mmol) in anhydrous acetonitrile (15 ml) was added dropwise at 
5°C, than the reaction mixture was stirred at ambient temperature for 4 
h, observing the formation of a precipitate that was filtered off under 

10 reduced pressure and washed with an aqueous solution of K 2 C0 3 . The 
product was obtained as a yellow solid (0.530 g, 1,41 mmol, 70%): mp 
(H 2 0) = 189 - 191 °C. 1 H-NMR (DMSO-d 6 ) 9.63 (1 H, s), 8.85 (2H, d, J 
= 6.7), 8.27 (2 H, d, J = 6.8), 8.01 (1 H, d, J = 16.1), 7.50 (1 H, d, J = 
16.1), 7.14 (1 H, d, J = 4.4), 6.99 (1 H, d, J = 4.4), 4.24 (3 H, s), 4.08 (3 

15 H, s); 13 C-NMR (DMSO-d6) 180.0 (1 C), 151.2 (1C), 145.0 (2 C), 140.0 
(1 C), 135.0 (1 C), 127.0 (1 C), 125.0 (1 C), 123.5 (3 C), 111.0 (1 C), 
48.5 (1 C), 31.5 (1 C); 15 N-NMR (DMSO-d 6 - relative to liquid ammonia) 
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184.5, 151.5. Elemental analysis, calcd for C15H15F3N2O4S: C, 47.87%; 
H, 4.02%; N, 7.44%. Found: C, 47,68%; H, 4.21%; N, 7.80%. 
N-methyl-2,5-[1-(N-methylpyrid-4-yl)ethen-2-yl]pyrrole triflate (3). A 
solution of N-methyl-4-picolinium triflate ( 0.424 g, 1.65 mmol) and a 
5 few drops of piperidine, in ethanol (8 ml), was added to a solution of (2) 
(0.621 g, 1.65 mmol) in ethanol (12 ml). The reaction mixture was kept 
under reflux temperature for 8 h, and then cooled to allow separation of 
the product. The precipitate was filtered off under reduced pressure and 
washed with 4 ml of absolute ethanol. The product was obtained as a 

10 dark solid (0.680 g, 1.13 mmol, 68%): mp 300-304 °C. 1 H-NMR (DMSO- 
d B ) 8.66 (4 H, d, J=6.8), 8.08 (4 H, d, J = 6.9), 7.91 (2 H, d, J = 15.9), 
7.20 (2 H, d, J = 15.9), 7.02 (2 H, s), 4.15 (6 H, s), 3.80 (3 H, s); 13 C- 
NMR (DMSO-d 6 ) 152.5 (2 C), 144.5 (4 C), 135.6 (2 C), 128.0 (2 C). 
121.2 (2 C), 122.7 (4 C), 113.5(2 C), 46.5 (2 C), 30.8(1 C). 15 N-NMR 

15 (DMSO-d 6 - relative to liquid ammonia) 190.3 (2 N), 153.7 (1 N). 

Elemental analysis, calcd for CaaHb^FeSAs: C, 44.88%; H, 3.77%; N, 
6.83%. Found: C, 44.24; H, 3.77%; N, 6.41%. 
EXAMPLE 2 

Compound (5) was obtained by a condensation of compound (2) with 
20 N-methyl-2-quinaldinium triflate (4) with catalytic amount of piperidine, 
according to the following scheme: 
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N-methyl-2-quinaldinium trifluoromethansulfonate (4). A solution of 
methyltriflate (1.127 g, 7 mmol) in dry benzene (7 ml) was added 
5 dropwise to a solution of quinaldine (1 .000 g, 6.98 mmol) in 8 ml of the 
same solvent. The reaction mixture was allowed to react for 2 h at 
room temperature, then the white precipitate was filtered off under 
reduced pressure and washed with 2 ml of benzene. The product was 
obtained as a white solid (2.021 g, 6.64 mmol, 95 %): mp 134-135 °C. 
10 1 H-NMR (DMSO-d 6 ) 8.98 (1 H, d, J = 8.6), 8.49 (1 H, d, J = 9.1), 8.29 (1 
H, dd, J = 16.9, J = 1.2), 8.13 (1 H, m), 8.02 (1 H, d, J = 8.6), 7.89 (1 H, 
t, J = 8.5), 4.40 (3 H, s), 3.00 (3 H, s). 

N-methyl-2-[1-(N-methylquinol-2-yl)ethen-2-yl]-5-[N-methylpyrid-4- 
yl)ethen-2-yl]pyrrole triflate (5). A solution of (4) (0.040 g, 0.137 

1 5 mmol) and 0. 1 ml of piperidine in ethanol (3 ml), was added to a 

solution of (2) ( 0.050 g, 0.133 mmol) in 4 ml of the same solvent. The 
mixture was kept under reflux for 2 h and then cooled to allow 
precipitation of the product. The precipitate was filtered off under 
reduced pressure and washed with 2 ml of ethanol. The product was 

20 obtained as a dark-violet solid ( 0.063 g, 0.095 mmol, 71 %): mp 328- 
329 °C. 1 H-NMR (DMSO-d 6 ) 8.82 (1 H, d, J = 9.2), 8.71 (2 H, d, J = 
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6.8), 8.61 (1 H, d, J = 9.3), 8.37 (1 H, d, J = 9), 8.18 (1 H, d, J = 8.2), 
8.16 (1 H, d, J = 15.4), 8.12 (2 H, d, J = 6.8), 8.04 (1 H, m), 7.96 (1 H, d, 
J = 15.7), 7.80(1 H, d,J = 7.6), 7.59(1 H, d, J = 15.2), 7.51 (1 H, d, J = 
4.56), 7.32 (1 H. d, J = 15.9), 7.11 (1 H, d ( J = 4.5), 4.38 (3 H, s), 4.12 
5 (3 H, s), 3.95 (3 H, s). Elemental analysis, calcd for C27H25N3F6S2O6: C, 
48.72%;. H, 3.79%; N, 6.31%. Found: C, 48.55%; H, 3.98%; N, 6.07%. 
EXAMPLE 3 

Compound (7) was prepared by a condensation of 1-methyl-2- 
pyrrolecarboxaldehyde with N-methyllepidinium triflate (6) with catalytic 
10 amount of piperidine. Compound (9) was obtained starting from 



compound (7) by a Vilsmeier type reaction followed by a condensation 
with (6), with catalytic amount of piperidine, according on the following 
scheme: 




(9> (8) 

15 

N-methyl-lepidinium trifluoromethansulfonate (6). A solution of 
methyltriflate (1.127 g, 7 mmol) in dry benzene (7 ml) was added 
dropwise to a solution of lepidine (1.000 g, 6.98 mmol) in 8 ml of the 
same solvent. The reaction mixture was allowed to react for 2 h at 
20 room temperature, then the white precipitate was filtered off under 
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reduced pressure and washed with 2 ml of benzene. The product was 
obtained as a white solid ( 2.100 g, 6.9 mmol, 98.6 %): mp 138-140°C. 
1-[N-methylquinol-4-yl]-2-(N-methyl-2-pyrrolyl)ethylene triflate (7). 
A solution of (6) (1.000 g, 3.3 mmol) and 0.1 ml of piperidine in ethanol 
5 (10 ml) was added at room temperature to a solution of N-methyl-2- 
pyrrolecarboxaldehyde (0.371 g, 3.4 mmol) in 10 ml of the same 
solvent. The reaction mixture was stirred under reflux for 2h and then 
cooled in an ice bath. A bright violet precipitate was filtered under 
reduced pressure and washed with 3 ml of ethanol. The product was 

10 obtained as a violet solid (0.850 g, 2. 15 mmol, 65%): mp 21 5-21 7 °C. 

1 H-NMR (DMSO-de) 9.10 (1 H. d, J = 6.7), 8.95 (1 H, d, J = 8.5), 8.46 (1 
H, d, J = 8.8), 8.34 (1 H, d, J = 6.7), 8.20 (1 H, t, J = 7.45), 8.14 (1 H, d, 
J = 15.45), 7.97 (1 H, t, J = 7.7), 7.90 (1 H, d, J = 15.45), 7.35 (1 H, d, J 
= 3.95), 7.20 (1 H, m), 6.30 (1 H, m), 4.42 (3 H, s), 3.88 (3 H, m). 

1 5 1 -[N-methylquinol-4-yl]-2-(N-methyl-5-formylpyrrol-2-yl)ethylene 
triflate (8). Freshly distilled POCI 3 (0.71 1 g, 4.64 mmol) was added 
dropwise, at -15°C under a nitrogen atmosphere, to anhydrous 
dimethylformamide (0.339 g, 4.64 mmol), the reaction mixture was 
diluted with anhydrous acetonitrile (4ml). A solution of 1-(N- 

20 methylquinol-4-yl)-2-(N-methylpyrrol-2-yl)ethylene triflate (1) (0.918 g, 
2.32 mmol) in anhydrous acetonitrile (15 ml) was added dropwise at 
-15°C. then the reaction mixture was stirred at ambient temperature for 
6 h, observing the formation of a precipitate that was filtered off under 
reduced pressure. The product was obtained as a red, fluorescent, 

25 precipitate (0.530 g, 1.25 mmol, 54%): mp 234-235 °C dec. 1 H-NMR 
(DMSO-d 6 ) 9.67 (1 H, s), 9.37 (1 H, d, J = 6.3), 9.03 (1 H, d, J = 8.45), 
8.68 (1 H, d, J = 6.45), 8.46 (1 H, d, J = 8.65). 8.41 (1 H, d, J = 15.45), 
8.28 (1 H, t, J = 7.8), 8.19 (1 H, d, J = 15.45), 8.06 (1 H, t, J = 7.55), 
7.45 (1 H, d, J = 4.35), 7.20 (1 H, d, J = 4.30), 4.57 (3 H, s), 4.13 (3 H, 

30 s). 
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N-methyl-2,5-[1-(N-methylquinol-4-yl)ethen-2-yl]pyrrole triflate (9). 
A solution of N-methyllepidinium triflate ( 0.146 g, 0.48 mmol) and a 
few drops of piperidine, in ethanol (8 ml), was added to a-solution of (8) 
(0.200 g, 0.47 mmol) in ethanol (20 ml). The reaction mixture was kept 
5 under reflux for 30 min, and then cooled to allow separation of the 

precipitate. The precipitate was filtered off under reduced pressure and 
washed with 4 ml of absolute ethanol. The product was obtained as a 
dark blue solid (0.235 g, 0.33 mmol, 70%): mp 311-312 °C. 1 H-NMR 
(DMSO-de) 9.22 (2 H, d, J = 6.89), 9.02 (2 H, d, J = 8.73), 8.60 (2 H, d. 

10 J = 6.62), 8.39 (2 H, d, J = 8.92), 8.27 (2 H, d, J = 15.07), 8.25 (2 H, t, J 
= 8.10), 8.19 (2 H, d, J = 15.17), 8.02 (2 H, t, J = 8), 7.69 (2 H, s), 4.5 (6 
H, s), 4.1 (3 H, s); 13 C-NMR (DMSO-d 6 ) 151.92 (2 C), 147.08 (2 C), 
138.84 (2 C), 137.21 (2 C), 134.78 (2 C), 129.96 (2 C), 128.91 (2 C), 
126.13 (2 C), 125.92 (2 C), 119.25 (2 G), 117.86 (2 C), 115.61 (2 C), 

15 1 14.97 (2 C), 44.28 (2 C), 30.92 (1 C). Elemental analysis, calcd for 
C31H27F6N3O6S2: C, 52.03%; H, 3.80%; N, 5.87%. Found: C, 52.20%; 
H,4.33%; N.6.01%. 
EXAMPLE 4 

Compound (11) was prepared by a condensation of compound (8) 
20 with bis-2-benzothiazolylmethane (10) (Rai, C; Braunwarth, J. B. J. 

Org. Chem. 1961, 26, 3434-3445) in ethanol with catalytic piperidine, 
according on the following scheme: 
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N-methyl-2-[1-(N-methylquinol-4-yl)ethen-2-yl]-5-[1-(bi3-2- 
benzothiazolylmethyl)ethen-2-yl]pyrrole triflate (11). A solution of (8) 
(0.118 g, 0.27 mmol) in ethanol (10 ml) was added to a solution of (10) 
(0.077 g, 0.27 mmol) and 0.1 ml of piperidine in ethanol (8 ml). The 
mixture was heated under reflux for 30 min and then cooled observing 
the formation of a bright violet precipitate, that was filtered under 
reduced pressure and washed with 3 ml of ethanol. The product was 
isolated as a violet solid (0.090 g, 0.13 mmol, 48.5%): mp 220-221 °C. 
1 H-NMR (DMSO-d 6 ) 9.22 (1 H, d, J = 6.71), 8.90 (1 H, d, J = 8.54), 8.61 
(1 H, d, J = 6.62), 8.37 (1 H, d, J = 8.78), 8.26 (1 H, d, J = 7.54), 8.25 (1 
H, d, J = 15.53), 8.21 (1 H, d, J = 7.72), 8.20 (1 H, t,' J = 7.60), 8.15 (1 
H, s), 8.08 (1 H, d, J = 7.90), 8.04 (1 H, d, J = 15.35), 7.99 (1 H, d, J = 
8.09), 7.98 (1 H, t, J = 7.63), 7.67 (1 H, t, J = 7.22), 7.61 (1 H, t, J = 
7.27), 7.54 (1 H, t, J = 7.70), 7.64 (1 H, t, J = 7.68), 7.28 (1 H, d, J = 
4.51), 5.71 (1 H, d, J = 4.41), 4.48 (3 H, s), 4.08 (3 H, s). 13 C-NMR 
(DMSO-de) 166.88 (1 C), 163.93 (1 C), 153.25 (1 C), 152.90 (1 C). 
151.96 (1 C), 147.00 (1 C), 138.80 (1 C), 136.02 (1 C), 135.71 (1 C), 
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15 



134.73 (1 C), 134.67 (1 C), 133.20 (1 C), 128.90 (1 C), 126.87 (1 C), 
12672 (1 C), 126.30 (1 C), 126.06 (1 C), 125.88 (1 C), 125.50 (1 C), 
124.92 (1 C), 124.46 (1 C), 123.51 (1 C), 122.75 (1 C), 122.64 (1 C), 
122.19 (1 C), 119.23 (1 C), 117.69 (1 C), 115.87 (1 C), 115.12 (1 C), 
114.53 (1 C), 45.03 (3 C), 31.11 (3 C). Elemental analysis, calcd for 
C34H25F3N4O3S3: C, 59.12%; H, 3.65%; N, 8.11%. Found: C, 60.06%; 
H, 3.28%; N, 8.46%. 
EXAMPLE 5 

Compound (12) was prepared by condensation of 1-methyl-2- 
pyrrolecarboxaldehyde with N-methylquinolinium triflate (4) with 
catalytic amount of piperidine. Compound (14) was obtained starting 
from compound (12) through a Vilsmeier type reaction, followed by 
condensation with (4), with catalytic amount of piperidine, according to 
the following scheme: 
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1 -[N-methylquinol-2-yl]-2-(N-methyl-2-pyrrolyl)ethylene triflate (12). 
A solution of (4) (2.000 g, 6.6 mmol) and 0.1 ml of piperidine in ethanol 
(10 ml) was added at room temperature to a solution of N-methyl-2- 
pyrrolecarboxaldehyde (0.731 g, 6.7 mmol) in 10 ml of the same 
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solvent. The reaction mixture was stirred under reflux for 2h and then 
cooled with an ice bath. A red precipitate was filtered under reduced 
pressure and washed with 3 ml of ethanol. The product was obtained as 
a red solid (1.826 g, 4.62 mmol, 70%): mp 208-210 °C. 1 H-NMR 
5 (DMSO-de) 8.81 (1 H, d, J = 9.1), 8.62 (1 H, d, J = 9.1), 8.41 (1 H, d, J = 
9.1), 8.24 (1 H, d, J = 9.5), 8.18 (1 H, d, J = 15.25), 8.08 (1 H, t, J = 
7.1), 7.85 (1 H, t, J = 7.5), 7.47 (1 H, d, J = 15.25), 7,40 (1 H, d, J = 
3.95), 7.30 (1 H, m), 6.34 (1 H, m), 4.40 (3 H, s), 3.90.(3 H, s). 
1-[N-methylquinol-2-yl]-2-(N-methyl-5-formylpyrrol-2-yl)ethylene 

10 triflate (13). Freshly distilled POCI 3 (0.711 g, 4.64 mmol) was added 
dropwise, at -15°C under nitrogen atmosphere, to anhydrous 
dimethylformamide (0.339 g, 4.64 mmol), the reaction mixture was 
diluted with anhydrous acetonitrile (4ml). A solution of 1-(N- 
methylquinol-2-yl)-2-(N-methylpyrrol-2-yl)ethylene triflate (12) (0.918 g, 

15 2.32 mmol) in anhydrous acetonitrile (15 ml) was added dropwise at 
-15°C, then the reaction mixture was stirred at ambient temperature for 
6 h, observing the formation of a precipitate that was filtered off under 
reduced pressure. The product was obtained as a red, fluorescent, 
precipitate (0.620 g, 1.46 mmol, 63%): mp 218-220 °C d. 1 H-NMR 

20 (DMSO-d 6 ) 9.71 (1 H, s), 9.08 (1 H, d, J = 8.92), 8.76 (1 H, d, J = 9.01), 
8.57 (1 H, d, J = 9,01), 8.36 (1 H, d, J = 8.90), 8.21 (1 H, d, J = 15.55), 
8.19 (1 H, t, J = 7.64), 7.96 (1 H, t, J = 7.54), 7.93 (1 H, d, J = 15.53), 
7.45 (1 H, d, J = 4.41), 7.21 (1 H, d, J = 4.31), 4.57 (3 H, s), 4.15 (3 H, 
s). 

25 N-methyl-2,5-[1-(N-rnethylquinol-2-yl)ethen-2-yl]pyrrole triflate (14) 

A solution of N-methyl-2-quinaldinium triflate (0.216 g, 0.71 mmol) and 
a few drops of piperidine, in ethanol (15 ml), was added to a solution of 
(14) (0.300 g, 0.71 mmol) in ethanol (20 ml). The reaction mixture was 
kept under reflux for 30 min, and then cooled to allow separation of the 
30 product. The precipitate was filtered off under reduced pressure and 
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washed with 4 ml of absolute ethanol. The product was obtained as a 
dark violet solid (0.258 g, 0.36 mmol, 52%): mp 307-308 °C. 1 H-NMR 
(DMSO-d 6 ) 9.47 (2 H, d, J = 9.1), 8.74 (2 H, d, J = 9.1), 8.51 ( 2 H, d, J 
= 9.3), 8.31 (2 H, d, J = 9.3), 8.28 (2 H, d, J = 15.35), 8.15 (2 H, t, J = 
5 7.55), 7.91 (2 H, t, J = 7.55), 7.79 (2 H, d, J = 15.25), 7.68 (2 H, s), 4.52 
(6 H, s), 4.12 (3 H, s); 13 C-NMR (DMSO-d 6 ) 155.36 (2 C), 142.74 (2 C), 
139.25 (2 C), 137.17 (2 C), 134.62 (2 C), 133.51 (2 C), 129.92 (2 C), 
128.66 (2 C), 127.48 (2 C), 120.77 (2 C), 119.15 (2 C), 117.21 (2 C), 
116.31 (2 C), 39.69 (2 C), 31.40 (1 C). Elemental analysis, calcd for 
10 Csihk/FeNaOeSz: C, 52.03%; H, 3.80%; N, 5.87%. Found: C, 52.27%; 
H, 3.97%; N, 6.24%. 
EXAMPLE 5 

Compound (15) was prepared by alkylation of 4-methylquinoline with 
2-bromoethanol in acetonitrile. Compound (16) was synthesized by 
1 5 condensation of compound (1 5) with compound (8) in ethanol, with 
catalytic amount of piperidine, according to the following scheme: 
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(16) 



N-(2-hydroxyethyl)lepidinium bromide (15). A solution of iepidine 
(0.280 g, 1.96 mmol) in acetonitrile (3 ml) was added to a solution of 2- 
5 bromoethanol (0.250 g, 2 mmol) in the same solvent (2 ml). The 

reaction mixture was kept under reflux for 2 h and then the solvent was 
evacuated under reduced pressure. The resulting white oil was treated 
with ethyl ether (3 ml) observing the separation of a precipitated that 
was filtered under reduced pressure and washed with toluene (2 ml). 
1 0 The product was obtained as a white solid (0.273 g, 1 .02 mmol, 52 %): 
mp 196-1 97 °C. 

N-methyl-2-[1-(N-methylquinol-4-yl)Gthen-2-yl]-5-[1-[N-(2- 
hydroxyethyl)quinol-4-yl]ethen-2-yl]pyrrole bromide (16). A solution 
of (15) (0.096g t 0.36 mmol) in ethanol (8 ml) was added to a solution of 
15 (8) (0.152 mg, 0.36 mmol) in the same solvent (5 ml) and then a few 
drops of piperidine were added to the reaction as a catalyst. The 
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mixture was stirred under reflux for 2 h and then cooled to allow 
precipitation of the product, that was filtered under reduced pressure 
and washed with ethanol (5 ml). The product was obtained as a blue 
solid (0.112 g, 0.18 mmol, 50 %): mp °C. 1 H-NMR (DMSO-d 6 ) 9.21 (1 
5 H, d, J = 6.75), 9.10 (1 H, d, J = 6.70), 9.01 (2 H, d, J = 8.60), 8.60 (2 H, 
d, J = 6.69), 8.48 (1 H, d, J = 8.97), 8.37 (1 H, d, J = 8.85), 8.27 (2 H, d, 
J = 15.3), 8.27 ( 1 H, t, J = 7.10), 8.18 (2 H, d, J = 15.28), 8.16 (1 H, t, J 
= 7.08), 8.02 (1 H, t, J = 7.52), 7.97 (1 H, t, J = 7.26), 7.67 (2 H, s), 4.99 
(2 H, t, J = 5.5), 4.50 (3 H, s), 4.10 (3 H, s), 3.88 (2 H, t, J = 5.5). 
10 Elemental analysis, calcd for Cao^gB^ONs'HbO: C, 57.62%; H, 5.00%; 
N, 6.72%. Found: C, 57.67%; H, 5.79%; N, 6.40%. 
EXAMPLE 6. 

The preparation of a glass film loaded with compound (3) in an host- 
guest type configuration is described in the following. 

15 3-Glycidoxypropyltrimethoxysilane (3.780 g, 15.99 mmol) was added 

to a solution of (3) (0.005 g, 0.008 mmol) in methanol (1,6 ml), the 
reaction mixture was diluted with water (1 ml) and (3-aminopropyl)- 
triethoxysilane (0.218 g, 0.98 mmol) was added. The solution was 
stirred at room temperature for 65 min, observing a gradual increment 

20 in the viscosity. A few drops of the solution were deposed between 2 

microscope slides and dried at room temperature for 2 days. Figure 1 of 
the enclosed drawings shows the UV-visible absorption spectrum of a 
dried sol-gel film loaded with compound (3) in a host-guest type 
configuration, obtained according to Example 6. 

25 Again, as an example, experimental data concerning the 

measurement of the optical limiting effect of the compound (3), 
prepared as a solution as described in the present invention, are 
provided as follows. 

The following definitions are provided: 
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p (two-photon absorption coefficient; dependent on the concentration of 
the molecule). The p value can be experimentally determined by 
measuring the transmitted intensity /,as a function of the incident laser 
intensity l 0 using the following equation: 

5 

T _ ln(l + W) 

where 7= — , and L is the thickness of the sample in units of cm. 

The units of l 0 and l t are ! 0 , It = [GW/cm 2 ]; those for p are p = 
[cm/GW]. 

10 It is useful to introduce a new parameter p' = — , where c is the molar 

c 

concentration of the sample, in units of [mol/l]. 

The molecular two-photon absorption cross-section a 2 can be 
obtained from the measured value of p from the following equation: 



where N 0 is the molecular density of the sample (in units of cm' 3 ), N a is 
the Avogadro's number and a 2 is expressed in units of cm 4 /GW. 

With reference to the plots of the figures in the enclosed drawings, 
Figures 2 and 3 show the transmittance and the output intensity, 
20 respectively, as a function of the input intensity. Values in Figures 2 and 
3 were measured for compound (3) in the solvent DMSO 
(dimethylsu If oxide), using a 3x1 0" 2 M solution and a 790-nm laser 
radiation. 
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In Figure 2, the value of transmittance T = 1 corresponds to the 
situation of linear absorption, that is absence of optical limiting (the 
sample is fully transparent). The curve represents the best fit to 
experimental data using the relationship presented before, which 
5 correlates the transmittance Tto the incident intensity through the two- 
photon absorption coefficient p. From the curve parameters it is 
possible to obtain the value of p, as reported below. 

Figure 2 clearly shows that it can be obtained a 90% optical limitation 
of the incident radiation (7= 0.1), with a incident intensity of ca. 500 
10 GW/cm 2 . 

Figure 3 shows the optical power limiting response. The dashed line 
refers to the response of the solvent and thus corresponds, in other 
terms, to the linear transmission of the solution, that is the response 
that the sample would exhibit in absence of the nonlinear two-photon 
1 5 absorption process. In fact, at this wavelength the linear transmittance 
of the solution is T = 1 , that is the sample is fully transparent to low- 
intensity incident radiation. 

With reference to the plots reported in Figures 2 and 3, a 3x1 0' 2 M 
solution of (3) in DMSO shows two-photon absorption coefficient p of 
20 5.3x1 0" 2 cm/GW and a two-photon absorption cross-section o 2 of 
0.20x1 0" 20 cm 4 /GW. The optical limiting experiment was performed 
using a 790-nm laser radiation (repetition rate 10 Hz, pulse width pw = 
150 fs, sample thickness L = 1 cm, divergence angle ca. 5 mm). 
According to a further aspect of the present invention, in addition to 
25 the optical power limiting activity, the above described compounds are 
also indicated for other two-photon absorption based applications, such 
as two-photon laser scanning confocal fluorescence microscopy, where 
such systems behave as imaging agents. 
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CLAIMS 

1 . A compound of the formula (I) 




wherein Het-1 and Het-3 are identical or different, and are selected 
among the following heterocyclic groups: 



. © 




>© 

R 5 




© 



:-R 5 




R 5 



10 



15 



wherein X may be O, S or Se, and wherein R 5 and R 6 are the same 
or different, and are selected from the group consisting of H, alkyl 
groups having from 1 to 18 carbon atoms, alkoxy, aminoalkyl, 
alkylhalide, hydroxyalkyl, alkoxyalkyl, alkylsulfide, alkylthiol, 
alkylazide, alkylcarboxyclic, alkylsulfonic, alkylisocyanate, 
alkylisothiocyanate, alkylalkene, alkylalkyne, aryl, and that can 
contain electronpoor ethenylic moieties such as maleimide, capable 
to react with nucleophilic groups such as - SH; 
and Het-2 is selected among the following heterocyclic groups: 
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wherein Y may be O, S, NZ, wherein Z = H, lower alkyl, aryl; and R 7 
and R 8 may be the same or different, and are lower alkyl, lower 
5 alkoxy or hydroxyalkyl; 

wherein n = 1 , 2, and A is selected among the anions . 
alkylsulfonate, arylsulfonate, triflate, halide, sulfate, phosphate; 
and wherein R 1( R 2 , R3, R4, the same or different, are indipendently 
selected from the group of H, lower alkyl, alkoxyalkyl, aryl, cyano, 
10 alkoxycarbonyl, -(CR 9 Ri 0 )m-Het, wherein 0<m<10, R 9 and R10, the 

same or different, are selected from the group of H, lower alkyl, and 
Het may be Het-1 or Het-2 or Het-3. 
2. A compound of claim 1 , having the following formula (3): 
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4. A compound of claim 1 , having the following formula (9): 




(9) 



5. A compound of claim 1 , having the following formula (1 1 ): 




5 6. A compound of claim 1 , having the following formula (14): 




(16) 



10 



8. An intermediate compound for the synthesis of the compound of 
claim 2, having the following formula (2): 
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9. An intermediate compound for the synthesis of the compound of 
claim 3, having the following formula (4): 

-SCO 

CH 3 
(4) 

10. An intermediate compound for the synthesis of the compound of 
claim 4, having the following formula (6): 



H 3 C.® 



CF 3 S0 3 v 



0 




(6) 



1 1 . An intermediate compound for the synthesis of the compound of 
10 claim 4, having the following formula (7): 



CF3SO3 




(7) 



12. An intermediate compound for the synthesis of the compound of 
claim 4, having the following formula (8): 
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H 3 C. 



CF 3 SO£ 




(8) 



13. An intermediate compound for the synthesis of the compound of 
claim 6, having the following formula (12): 




CF 3 SO; 



e CH 3 



(12) 



14. An intermediate compound for the synthesis of the compound of 
claim 6, having the following formula (13): 




CF 3 S0 3 w CHs 



(13) 



10 15. Two-photon absorbing cromophore characterized by being a 
compound of any of claims 1 to 7. 

16. A compound according to any of claims 1 to 7 for use as optical 
power limiting agent via two-photon absorption. 

17. A compound according to any of claims 1 to 7 for use as imaging 
15 agent with two-photon absorbing activity for application in two- 
photon laser scanning confocal fluorescence microscopy. 

18. A composition comprising a compound according to claims 16 and 
17 characterized by being prepared in solution or in a solid state. 
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19. A composition having optical power limiting activity characterized by 
the fact of comprising a compound according to claim 16. 

20. A composition for use as imaging agent with two-photon absorption 
activity for application in two-photon laser scanning confocal 

5 fluorescence microscopy, characterized by the fact of comprising a 

compound according to claim 17. 

21. A composition according to claims 18, 19 and 20 characterized by 
the fact of comprising: 

a polymer material chosen among poly(methacrylate), polyimide, 
10 polyamic acid, polystyrene, polycarbonate, polyurethane; 

an organically-modified silica (Si0 2 ) network. 

22. A composition according to claim 21 characterized by the fact of 
being prepared as a film. 

23. A composition according to claim 21 characterized by the fact of 
15 being prepared as a bulk. 

24. Chromophore-functionalized polymer materials or organically- 
modified silica (Si0 2 ) network, prepared by condensation of a 
chromophore compound of general formula (I) and a polymer 
material which comprises poly(methacrylate), polyimide, polyamic 

20 acid, polystyrene, polycarbonate, polyurethane or an organically- 

modified silica (Si0 2 ) network. 



WO 01/70735 



PCT/EPOO/13193 




uojjdjosqv 



WO 01/70735 



PCT/EP00/13193 



2/2 




o.o 



t n 1 1 i ' 1 r 

100 200 300 A00 500 600 700 800 900 

Input Intensity (GW/cm 2 ) 



Fig 2 




n j 1 1 r — r r 

200 .400 600 600 1000 1200 1400 1600 1800 

Input Intensity (GW/cm 2 ) 



INTERNATIONAL SEARCH REPORT 



lr national Application No 

KT/EP 00/13193 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 7 C07D401/14 



According to International Patent Classification (IPC) orio both national classification and IPC 



B. RELDS SEARCHED 



Minimum documentation searched (classification system followed by classification symbols) 

IPC 7 C07D 



Documentation searched other lhan minimum documenlation lo the extent that such documents are included in the fields searched 



Electronic data base consulted during the international search (name of data base and, where practical, search terms used) 

EPO-Internal, WPI Data, PAJ, CHEM ABS Data 



C. DOCUMENTS CONSIDERED TO BE RELEVANT 



Category • Citation of document, with indication, where appropriate, of the relevant passages 



Relevant to claim No. 



M. YU. K0RNIL0V ET AL. : "Interaction of 

Chromophores in Symmetrical 

2,5-subst1tuted derivatives of furane and 

thlophene" 

UKR. ZHIM. ZH. , 

vol. 40, no. 5, 1974, pages 52-54, 
XP001000456 

cpds. XIV, XVII, XXXV-XXXVI; tables I, II 

G. KOSSMEHL ET AL. : "Gber 
Polyaryenalkenylene und 
Polyheteroalkenylene" 
MAKR0M0L. CHEM. , 

vol. 180, 1979, pages 1441-1463, 

XP001000460 

Verblndung 9c 

-/-- 



1,15 



1,15 



| j | Further documents are listed in the continuation of box C. 



10 



Patent family members are listed in annex. 



' Special categories of cited documents : 

'A' document defining the general state of the art which is not 
considered to be of particular relevance 

E* earlier document but published on or after the international 
filing date 

L' document which may throw doubts on priority claim (s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

O* document referring to an oral disclosure, use, exhibition or 
other means 

V P' document published prior to the inlemational filing date but 
later than the priority date claimed 



■T" later document published after Ihe inlemational filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

'X' document of particular relevance; the claimed invention 
cannot be considered novel or cannoi be considered to 
involve an inventive step when the document is taken alone 

( Y* document of particular relevance; the claimed invention 

cannot be considered to involve an inventive step when Ihe 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

"&* document member of the same patent family 



Date of the actual completion of the international search 



18 June 2001 



Dale of mailing of the International search report 



28/06/2001 



Name and mailing address ol the ISA 

European Patent Office, P.B. 5618 Patentlaan 2 
NL - 2280 HV Rijswijk 
Tel. (+31-70) 340-2040. Tx. 31 651 epo nl. 
Fax: (+31-70) 340-3016 



Authorized officer 



Fritz, M 



Form PCT/ISA/21 0 (second sheet) (July 1992) 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



In national Application No 

PU/EP 00/13193 



C(Contlnuation) DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 0 Citation of document, with indication .where appropriate, ot the relevant passages 



Relevant to claim No. 



P. C. KEARNEY ET AL.: "Molecular 

Recognition in Aqueous Media. New Binding 

Studies Provide Further Insights into the 

Cat1 on-pi Interaction and Related 

Phenomena" 

J. AM. CHEM. SOC. , 

vol. 115, 1993, pages 9907-9919, 

XP000999153 

cpds. 46,48 

A. BERLIN ET AL.: "D-heteroarylenes: 

Synthesis and Donor Properties" 

J. CHEM. SOC. PERKIN TRANS. , 

vol. 1, 1987, pages 2631-2635, XP001000459 

the whole document 

S. BRADAMANTE ET AL.: "Heterocycles as 

donor and acceptor units 1n push-pull 

conjugated molecules. Part 1" 

J. PHYS. ORG. CHEM., 

vol. 10, no. 7, 1997, pages 514-524, 

XP001000454 

the whole document 

US 5 859 251 A (CLARSON STEPHEN J ET AL) 
12 January 1999 (1999-01-12) 
the whole document 

US 5 770 737 A (CLARSON STEPHEN J ET AL) 
23 June 1998 (1998-06-23) 
the whole document 



9,10 



1-24 



1-24 



1-24 



1-24 



Form PCT/ISA/210 (continuation ol second sheet) (July 1992) 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

Information on patent family members 



In national Application No 

PuT/EP 00/13193 



Patent document 
cited In search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



US 5859251 



12-01-1999 



NONE 



US 5770737 



23-06-1998 



NONE 



Form PCT/1SA/210 (patent tamt* annex) (July 1992) 



